Evaluation of An Eddy-Current Tape-Head Probe by Watjen, J. P. & Bahr, A. J.
EVALUATION OF AN EDDY-CURRENT 
TAPE-HEAD PROBE 
J. P. Watjen and A. J. Bahr 
SRI International 
Menlo Park, California 94025 
INTRODUCTION 
The objective of this task is to evaluate and characterize a 
new type of eddy-current probe that is based on ferrite tape-head 
technology. Preliminary tests were conducted last year at 100 kHz 
using modified, commercially available floppy-disk tape heads and 
subassemblies. Some customized probes also were constructed for 
SRI by a tape-head manufacturer. These customized probes were 
made of ferrite material available at the manufacturer's facility; 
however, this material subsequently was found to be too lossy for 
the eddy-current application. Nevertheless, test results obtained 
using the floppy-disk tape-head probes proved to be very promising 
from the standpoint of sensitivity, lift-off discrimination, and 
the ability of this type of probe to detect cracks inside and at 
the edges of holes. l 
To complete the evaluation of the tape-head probe. this year 
we had additional customized probes fabricated for us out of lower-
loss ferrite material. These probes incorporated improvements in 
design gleaned from our experience last year, and were constructed 
in both absolute (one-gap) and differential (two-gap) forms. This 
paper presents the results of comparative tests that were made 
using these probes and commercial coil probes to detect flaws in 
flat-plate samples. 
EXPERIMENTAL EVALUATION 
Two tape-head probes (one absolute and one differential) were 
designed that were about half the size of the probes tested last 
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year. Two candidate ferrite materials (nickel-zinc and manganese-
zinc) were purchased and used in absolute probes fabricated accord-
ing to the new design. Both materials provided comparable probe 
performance at 100 kHz, so the nickel-zinc material was chosen for 
use in subsequent probes because of its slightly better mechanical 
characteristics. 
A comparison between the measured flaw sensitivities of the 
developmental nickel-zinc tape-head absolute probe and a commercial 
absolute probe (Nortec SP-lOO) for small EDM slots at 100 kHz is 
shown in Table 1. The flaw sensitivity for these probes is defined 
as the maximum flaw signal produced in the quadrature channel of 
a phase-sensitive detection system when the system is adjusted to 
maximize the lift-off signal in the in-phase channel. 
The corresponding data obtained using these probes on samples 
containing closed cracks are shown in Table 2. 
The data in these tables show that the developmental tape-
head absolute probe is much more sensitive than the commercial 
absolute probe, particularly for detection of smaller flaws. 
This probe also exhibited excellent flaw sensitivity for flaws 
parallel to and as close as 0.014 in. from a sample edge. A 
sketch of this tape-head absolute probe is shown in Fig. 1. 
A differential tape-head probe also was constructed using the 
nickel-zinc material. A sketch of this probe is shown in Fig. 2, 
and a photograph of the probe is shown in Fig. 3. Three different 
spacings between cores (dimension "s" in Fig. 2) were tried. The 
probe with a spacing S = 0.012 in. was found to provide the best 
flaw sensitivity. Photographs of typical flaw responses produced 
by this probe and a commercial differential probe are shown in 
Fig. 4. We defined the flaw sensitivity for this type of probe 
as the magnitude of the phasor voltage that spans the tips of the 
"figure-eight" flaw response. 
Comparative performance data for the tape-head differential 
probe obtained using 2024-T3 aluminum and titanium (Ti) 6-4 samples 
are shown in Figs. 5 and 6, respectively. The tape-head probe is 
compared with two different Nortec probes that are designed to 
operate at 100 kHz and 1 MHz, respectively. The same tape-head 
probe was used at both these frequencies, except that the number 
of turns in its driving coils was changed to match its impedance 
to that of the bridge. The voltages applied to the probes were 
the same in all cases so that the measured flaw sensitivities 
would always be directly comparable. 
These data illustrate how frequency, material (i.e., skin 
depth), and the size of the probe relative to the flaw affect the 
flaw sensitivity. For an aluminum sample with large flaws (Fig. 5), 
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Table 1. Comparative Performance of Absolute Tape-Head Probe 
at 100 kHz for Small EDM Slots 
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Flaw Description 
Flaw Sensitivity (Volts) 
Nortec SP-lOO Developmental 
Tape-Head 
Aluminum 2024-T3 
Ti 
Slot* (0.1 x 0.01 x 0.04 in.) 
Slot (0.1 x 0.01 x 0.021 in.) 
Slot (0.1 x 0.01 x 0.01 in.) 
6-4-2 
Slot (0.06 x 0.004 x 0.015 in.) 
Slot (0.045 x 0.004 x 0.010 in.) 
Slot (0.030 x 0.004 x 0.008 in.) 
Slot (0.015 x 0.004 x 0.005 in.) 
(Reference) 
0.5 
0.2 
0.04 
0 
0 
0 
0 
The following slots were perpendicular to and breaking 
of the sample. 
Slot (0.06 x 0.004 x 0.015 in.) 0 
Slot (0.045 x 0.004 x 0.010 in.) 0 
Slot (0.030 x 0.004 x 0.008 in.) 0 
Slot (0.015 x 0.004 x 0.005 in.) 0 
IN-IOO 
Slot (0.060 x 0.004 x 0.015 in. ) X 
Slot (0.045 x 0.004 x 0.010 in. ) 0.02 
Slot (0.014 x 0.003 x 0.005 in. ) 0 
Slot (0.030 x 0.006 x 0.008 in. ) 0 
Slot (0.015 x 0.003 x 0.005 in. ) 0 
The following slots are parallel to and located 0.014 
an edge of the sample. 
Slot (0.06 x 0.005 x 0.015 in.) X 
Slot (0.045 x 0.005 x 0.010 in. ) X 
Slot (0.032 x 0.003 x 0.008 in. ) a 
Slot (0.015 x 0.003 x 0.005 in. ) 0 
*(Length x Width x Depth)--area slot partially filled 
with debris from EDM operation 
X = Flaw obscured by edge effect 
(NiZn) 
1.0 
0.5 
0.16 
0 
0 
0 
0 
the edge 
a 
a 
a 
0 
0.75 
0.75 
0.6 
0.8 
1.2 
in. from 
0.6 
0.8 
1.3 
1.4 
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Table 2. Comparative Performance of Absolute Tape-Head Probe 
at 100 kHz for Surface-Connected Cracks 
Flaw Sensitivity (Volts) 
Flaw Description 
Aluminum 2024-T3 
Specimen C3 (0.252 in. long) 
Ti 6-4 
Specimen MMI 
Flaw 1 (0.078 in. long) 
Flaw 2 (0.156 in. long) 
Flaw 3 (0.261 in. long) 
Specimen MM2 
Flaw 1 (0.031 in. long) 
Flaw 2 (0.060 in. long) 
Flaw 3 (0.125 in. long) 
Specimen MM3 
Flaw 1 (0.029 in. long) 
Flaw 2 (0.039 in. long) 
Flaw 3 (0.028 in. long) 
IN-IOO 
Specimen MM5 
Flaw 1 (0.250 in. long) 
Nortec SP-lOO 
(Reference) 
1.4 
0.02 
0.04 
0.08 
0 
0 
0.02 
0 
0 
0 
0.2 
The following crack was perpendicular to and 
breaking the edge of the specimen. 
Specimen MM7 
Flaw 2 (0.015-in. radius) 0 
Developmental 
Tape-Head 
(NiZn) 
2.2 
0.02 
0.07 
0.2 
0 
0.01 
0.03 
0.02 
0 
0 
0.32 
0 
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Fig. 1. Absolute Tape-Head Probe. 
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Fig. 2. Differential Tape-Head Probe. 
the tape-head probe is more sensitive than the commercial probe at 
100 kHz; however, the reverse is true at 1 MHz. We hypothesize 
that this occurs because the commercial probe interacts with more 
of the flaw's length, and because the magnetic fields produced by 
the commercial probe are more confined to the sample's surface at 
high frequencies. 
In contrast, the data in Fig. 6 for Ti 6-4 show that the tape-
head probe is more sensitive at both frequencies, particularly for 
detection of actual fatigue cracks. We attribute this result to 
the facts that the flaws used to obtain these data were smaller 
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(al View of probe face 
Ib) VIOW of probe housing 
Fig. 3. Nickel-Zinc Tape-Head Differential Probe. 
than those in the aluminum sample, and that the lower conductivity 
in titanium results in a larger skin depth. 
Both differential probes also were used to search for flaws 
located near the edges of the flat-plate samples. Except for some 
relatively large EDM slots, the commercial probe was generally 
unable to detect the edge flaws. However, although the proximity 
of an edge also tended to unbalance the developmental tape-head 
differential probe, most of the edge-flaw signals produced by the 
tape-head probe were still easily distinguished from the edge 
response. 
In general, one of the reasons a differential probe is more 
often able to detect a flaw than is an absolute probe is the dif-
ferent type of lift-off response produced by a differential probe. 
For an absolute probe, the signal produced by a small flaw tends 
to be colinear with the lift-off signal, thus resulting in a 
vanishing flaw detectability. On the other hand, for a differential 
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TAPE-HEAD PROBE 
HORIZONTAL 
AND VERTICAL 
SENSITIVITY = 0.5 V/div 
NORTEC SGE-155Rl PROBE 
Fig. 4. Comparison of Differential Probes at I MHz 
(0.156-in.-Iong crack in Ti-6-4) 
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probe, the "lift-off" signal is caused by tilting the probe rather 
than lifting it. Thus, the phase of the flaw signal can be dif-
ferent than the phase of the lift-off signal, in which case the 
flaw becomes detectable. In this case, the more open figure-of-
eight produced by a tape-head probe (see Fig. 4) is advantageous. 
The improved ability of the tape-head probe to detect flaws 
near the edges of samples is a result of the fact that the magnetic 
fields it produces at the surface of a specimen are confined to a 
small interaction area. To quantify the spatial resolution of our 
tape-head differential probe we performed some measurements using 
an X-Y scanner located at Martin Marietta in Denver, Colorado. 
These data are shown in Fig. 7. The probe was scanned in the Y 
direction and stepped 0.010 in. in the X direction at the end of 
each scan. The specimen was fixed in the scanner so that the 
cracks it contained were oriented as nearly as possible with their 
lengths along the X axis. The long dimensions of the sensing gaps 
in the probe (0.009 in. in Fig. 2) were aligned with the Y direction 
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Fig. 5. Comparative Performance of Differential Tape-Head Probe 
for Flaws in 2024-T3 Aluminum 
so that first one gap and then the other passed over the crack 
during a scan. We hypothesize that the interaction area for this 
probe is roughly a circle that encompasses a region around the 
gaps in the ferrite cores. (From Fig. 2 we estimate that the 
diameter of this circle is approximately 0.030 in.) 
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Fig. 6. Comparative Performance of Differential Tape-Head Probe 
for Flaws in Ti-6-4 
The data shown in Fig. 7 are samples of the quadrature signal 
produced by an eddy-current system* as displayed on a Nicolet 
digital oscilloscope. The positive and negative signals are, of 
course, the signals produced by the two halves of the probe as 
they pass over the flaw. It can be seen that these two signals 
are not quite equal, implying a small difference in the sensi-
tivities of the two halves of the probe. 
As the probe traverses back and forth across the crack, it 
produces a kind of "image" of the crack length. By counting the 
number of steps in the X direction over which a signal is detect-
able and multiplying the number of steps by 0.010 in., we obtain 
a measure of the crack 1ength--these measured "lengths" are shown 
in the photograph in Fig. 7. By comparing these numbers with the 
actual crack lengths as determined optically, we determined that 
the tape-head "image" over-estimates the crack length by about 
0.034 in., which is in close agreement with our estimate of the 
*Automation Industries, Inc. Model EH-3300. 
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CRACK LENGTH = 0.077 in. 
VERTICAL SENSITIVITY = ± 1 V 
(full scale) 
HORIZONTAL SAMPLING 
INTERVAL = 50 ms 
CRACK LENGTH = 0.156 in. 
VERTICAL SENSITIVITY = ±4 V 
(full scale) 
HORIZONTAL SAMPLING 
INTERVAL = 20 ms 
Fig. 7. Crack "Imaging" Using a I-MHz Differential 
Tape-Head Probe (Ti-6-4 sample) 
diameter of the active area of the probe. Thus, the spatial reso-
lution of this differential probe in measuring crack lengths is 
about ±O.OI7 in. 
SUMMARY AND CONCLUSIONS 
The tape-head eddy-current probe has been demonstrated to have 
high sensitivity and spatial resolution for detecting surface flaws. 
Its performance usually exceeds that of commercially available coil 
probes, particularly for flaws located near the edges of a specimen. 
We have shown that a tape-head probe can be realized in either 
absolute or differential forms, and that it can be operated at 
frequencies at least as high as 1 MHz. Tape-head probes use an 
established fabrication technology and should be highly repro-
ducible. Finally, they are completely compatible with existing 
eddy-current instruments and should be no more costly to produce 
than conventional probes. 
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Future work on tape-head probes should include the development 
of models for the purpose of probe optimization, as well as a com-
parative assessment of the signal-to-noise ratios produced by such 
probes. 
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DISCUSSION 
H.A. Sabbagh (Analytics, Inc.): AI, the one probe that you discussed 
had a two-mill gap. How deeply into the work piece would you 
estimate the field to penetrate at, well. 100 kilohertz and a 
megahertz? 
A.J. Bahr: Well, if the skin depth is larger than two mills, then 
I'd expect the penetration to be on the order of two mills, or 
actually the other dimension is six mills, so somewhere between 
two to six mills. 
J.E. Doherty (Southwest Research Institute): Along with that, I 
think if you ran the conventional probe on high enough fre-
quency so its skin depth was comparable so the current 
density of one probe was comparable to that of the other, I 
would suspect that you would find similar sensitivity perform-
ance--your data suggests that--in terms of when you go to 
higher frequencies. . 
A.J. Bahr: Except for the spatial frequency concept. 
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From the Floor: Have you looked at lift-off sensitivity? 
A.J. Bahr: We did a little bit. We haven't done a lot of that 
as yet. 
M.L. Mester (U.S. Steel Corp.): What happened with the lift-off? 
It probably fell? 
A.J. Bahr: It fell, but not as much as you might expect. There is 
a point we haven't examined thoroughly and that is there are 
some stray fields from the exciting coil that interact a little 
bit with the work piece, so we have to determine what that 
contribution is. 
M.L. Mester: What was the order of the magnitude of the lift-off you 
tried? 
A.J. Bahr: Two mills. 
M.L. Mester: And that dropped down how much? 
A.J. Bahr: About a factor of two. 
